Chondral tumors in soft tissue are referred to as soft-tissue chondromas or extraskeletal chondromas, or as synovial chondromatosis if they arise in synovial tissue. We report the case of a 29-year-old man with synovial chondromatosis, also called synovial osteochondromatosis, which appeared in a solitary and extra-articular form. On magnetic resonance imaging (MRI) and computed tomography, the central portion of the tumor showed similar characteristics to bone marrow, despite the absence of any connection to adjacent bone. T2-weighted imaging displayed marked peripheral hyperintensity consistent with a cartilaginous area. These findings suggested the presence of enchondral ossification and were similar to those of skeletal osteochondroma, with the exception of the absence of attachment to bone. MRI is useful for distinguishing solitary synovial chondromatosis from other lesions, such as myositis ossificans, extraskeletal chondrosarcoma, and parosteal osteosarcoma.
Introduction
Synovial chondromatosis is a well-recognized benign osteochondral neoplasm that usually appears as multiple ossified or cartilaginous nodules in the synovial joints. However, solitary synovial chondromatosis outside the joints is rare (1) . This pathology arising at an unusual site can potentially be mistaken for other diseases, such as myositis ossificans, extraskeletal chondrosarcoma, or parosteal osteosarcoma. Misdiagnosis may lead clinicians to an erroneous approach to synovial chondromatosis. Furthermore, biopsy of chondral masses is often inconclusive without the aid of appropriate radiological assessment. Imaging thus plays a vital role in the diagnosis of this disease. Herein, we report a case of synovial chondromatosis forming a solitary nodule that was considered to have arisen in the gluteus maximus bursa, with emphasis on the imaging findings.
Case report
A 29-year-old man presented with pain in the right buttock. He had noticed a mass in the same area 1 year earlier and began to feel pain after falling on his buttock 1 week before presentation. Physical examination revealed a firm mass on the dorsal aspect of the right greater trochanter. Results of routine blood examination were unremarkable.
Plain radiographs with anterior-posterior and lateral views of the right hip showed a well-circumscribed, calcified mass that was slightly more radiolucent than the adjacent bone and showed no connection to the proximal femur (Fig. 1a, b) . Computed tomography (CT) confirmed these characteristics (Fig. 2) . On magnetic resonance imaging (MRI), a lobulated mass was identified anterior to the gluteus maximus muscle near the right greater trochanter. The mass showed high signal intensity similar to that of the adjacent bone marrow centrally and low signal intensity peripherally on T1-weighted (T1W) imaging (Fig. 3a) , and heterogeneous moderate signal intensity again similar to the bone marrow surrounded by a layer of markedly high signal intensity on T2-weighted (T2W) imaging (Fig. 3b) . The central signal was decreased on fatsaturated T2W imaging, suggesting the presence of fat within the lesion (Fig. 3c ).
This lesion was followed up for 10 months, showing a slight increase in size. Subsequent needle biopsy could not rule out a malignant process such as chondrosarcoma, so total excision of the mass was performed. Intraoperative findings confirmed that the mass was of extraskeletal origin, abutting the gluteus maximus muscle. Synovial tissue encapsulated the mass, which was therefore presumed to arise in the gluteus maximus bursa. Histological examination revealed hyaline cartilage at the peripheral portion of the mass, and intracartilaginous ossification was depicted in the center. Gradual transition from fibrous cartilage to mature trabecular bone was observed (Fig. 4) . The whole lesion was surrounded by synovial tissue. No evidence of malignancy was seen, such as cell atypia, necrosis, or mitotic figures. These findings were compatible with synovial chondromatosis and the final diagnosis was solitary synovial chondromatosis arising in the gluteus maximus bursa.
Discussion
The term ''soft-tissue chondroma'' (extraskeletal chondroma) was first introduced by Chung and Enzinger to describe a solitary cartilaginous nodule unattached to bone (2) . Soft-tissue chondroma may consist of not only cartilaginous tissue, but also bone tissue due to enchondral ossification. As a result, the pathology may also be called soft-tissue or extraskeletal ''osteochondroma'' (3-6). When covered by synovial lining, the term ''synovial osteochondroma'' may be used (7). Edeiken et al. regarded it as a solitary form of synovial chondromatosis and introduced the term ''solitary synovial osteochondromatosis'' (8) . Such cartilaginous lesions were once believed to arise through metaplasia of synovial cells, primitive cells lying within the synovial tissue, or fibroblasts via unknown stimuli (2,3), but were later reported to represent a true neoplasm because of the presence of monoclonality (9) . Synovial chondromatosis has recently been reclassified by the World Health Organization (WHO) as a benign neoplasm that can appear in primary or secondary form (10) . Whether these chondroid lesions represent a true neoplasm or non-neoplastic lesion remains controversial (11) and the nomenclature is confusing, but we used the term ''synovial chondromatosis'' in this report in accordance with the WHO classification.
Cases of solitary synovial chondromatosis have been reported around the knee, foot, nape of the neck, wrist, elbow, and buttocks (3) (4) (5) (6) (7) 12) . To the best of our knowledge, this is the first description of solitary synovial chondromatosis considered to have arisen from the gluteus maximus bursa.
Radiologically, solitary synovial chondromatosis appears as a well-circumscribed, lobulated mass with central calcification in a ring-like, punctate pattern. Plain radiographs are often inadequate to detect calcifications or to locate the tumor (13) . In addition, discontinuity with adjacent bone is more clearly demonstrated on CT. On MRI, synovial chondromatosis demonstrates low-to-intermediate signals on T1W imaging and intermediate-to-high signals on T2W imaging (5, 14) . Cartilaginous areas appear markedly hyperintense on T2W imaging, reflecting the waterrich chondroid matrix. Fat-containing bone marrow may be identified in the densely calcified area as signal hyperintense areas on both T1W and T2W imaging. Calcified matrix shows low signals on both T1W and T2W imaging.
Radiological differential diagnoses include myositis ossificans, tumoral calcinosis, extraskeletal osteosarcoma, and extraskeletal chondrosarcoma. Myositis ossificans is characterized by peripheral ossification, and contains cortical and medullary bone. However, a cartilaginous cap is absent in myositis ossificans. Tumoral calcinosis also appears as a wellcircumscribed, lobulated calcified mass, but osseous trabecular structures as seen in soft-tissue chondroma are not found in tumoral calcinosis (15) . As densely calcified masses near the joints, extraskeletal osteosarcoma and chondrosarcoma are also important differential diagnoses. Patterns of calcification may be useful in the differential diagnosis. Osteosarcoma shows amorphous calcification described as a cloudlike pattern, which corresponds to osteogenesis in the tumor without enchondral ossification (16) . Chondrosarcoma shows chondral calcifications resembling ''rings and arcs'', which are less dense and less conglomerated than those of osteochondroma. In addition, chondrosarcoma also lacks a cartilaginous cap (17) .
Radiological findings may distinguish between synovial chondromatosis and osteosarcoma, or chondrosarcoma. However, close pathological investigation is still necessary, as chondrosarcoma may arise from synovial chondromatosis (18) .
The tumor in our case lay on the dorsal aspect of the proximal femur, representing the expected location of the gluteus maximus bursa. Knowledge about bursal anatomy may also help in differential diagnosis. If a mass lesion with the above-mentioned imaging characteristics lies at the expected location of an extra-articular bursae, the likelihood of synovial chondromatosis would be increased.
Our case was difficult to correctly diagnose preoperatively due to its extraordinarily large size and unexpected site of occurrence. In our case, the biopsy specimen comprised chondral tissue that could be interpreted as low-grade chondrosarcoma. It should be noted that without appropriate radiological assessment, accurate pathological diagnosis of chondral lesions cannot be made (19) .
In conclusion, solitary synovial chondromatosis in our case showed a similar appearance to skeletal osteochondroma except for the extraskeletal location, as a centrally ossified mass containing bone marrow surrounded by a thin cartilaginous layer showing a bright signal on T2W imaging. Bursal anatomy may also be helpful for diagnosis. Familiarity with these imaging characteristics will avoid unnecessary biopsy or excessive surgery.
